In this paper a numerical method, based on collocation method and radial basis functions (RBF) is proposed for solving integral equations with a weakly singular kernel. Integrals appeared in the procedure of the solution are approximated by adaptive Lobatto quadrature rule. Illustrative examples are included to demonstrate the validity and applicability of the presented technique. In addition, the results of applying the method are compared with those of Homotopy perturbation, and Adomian decomposition methods.
Introduction
Weakly singular integral equations have a major role in the fields of science and engineering. They appear in mathematical modeling of different phenomena in many disciplines such as: physics, chemistry, biology, and others. It is difficult to solve these equations analytically, hence numerical solutions are required. Singular integral equations have been approached by different methods including Collocation method [2] [3] [4] , Reproducing kernel method [17] , Galerkin method [5] , Adomian decomposition method [1] , Homotopy perturbation method [6] , Radial Basis Functions [10, 11] , Newton product integration method [7] , and many others.
In recent years, meshless methods are used as a class of numerical methods for solving functional equations. Meshless methods just use a scattered set of collocation points, regardless any relationship information between the collocation points. This property is the main advantage of these techniques over the mesh dependent methods such as finite difference methods, finite element methods. A well-known family of meshless methods is the method of radial basis functions.
Since 1990, radial basis function method [8] is used as a meshless method to approximate the solutions of partial differential equations [9, [12] [13] [14] [15] [16] . These methods are developed for solving various types of linear and nonlinear functional equations such as Ordinary differential equations (ODEs). Integral and Integro-differential equations (IEs and IDEs) are solved with the RBF method by some researchers [19] [20] [21] . In [22] [23] [24] authors used the RBF method to solve some engineering problems. Also authors of [25] solved fractional diffusion equations by RBFs.
In this paper, we will use an efficient method based on radial basis functions and collocation method to solve integral equations with a weakly singular kernel. The paper is organized as follows. In Section 2, the radial basis functions are introduced. Section 3, as the main part, presents the solution of weakly singular integral equations by RBF, via collocation method. Numerical illustrative examples are included in Section 4. A conclusion is drawn in Section 5.
Radial Basis Functions
Let's define the main features of the method.
Definition of Radial Basis Functions
Radial basis functions usually approximate a function as the following 
Radial Basis Functions Interpolation
The radial basis functions approximation of a real function, Table 1 , where the Euclidian distance r is real and non-negative, and c is a positive scalar, called shape parameter. 
Name of the function Definition

Application of RBF Method
In this paper Radial Basis Functions are used to approximate solution of integral equations with a weakly singular kernel in the following general form
where ( ) f x is a known analytic function defined on the interval 0 1 x ≤ ≤ . In order to use the radial basis functions, let's consider ( ) y x as follows,
To determine i 
By using the Adaptive Lobatto Quadrature [18] , we can approximate the integral in Eq. (4) to achieve a set of N linear equations for determining components of Λ .
Numerical Examples
In this section, two examples are provided to illustrate the efficiency of this approach. For the sake of comparing purposes, the same examples as [6] , that have used Homotopy perturbation method, are considered.
Example
Let us consider the following weakly singular integral equation of the second kind ( ) ( ) Substituting (6) into (5) 
Using adaptive Lobatto quadrature, integrals in Eq. (7) is computed and Eq. (7) 
Substituting from (9) into (6) yields an approximate solution as the following Table 2 . Results in the Table 2 shows that all solutions which are achieved by Gaussian ( for knowing this approach as a powerful device. Also the absolute error for this approach and Homotopy perturbation method [6] are shown in Figure 2 . A Comparison which is made in Figure 2 , shows that RBF method with Gaussian bases, gives more accurate solutions than the homotopy perturbation method by 18 terms. As x increases, the Error of HPM is increased rapidly, but RBF Errors are not significant yet. 
Now consider the following weakly singular integral equation 
Integrals in Eq. (13) is computed by adaptive Lobatto quadrature, and Eq. (13) 
Substituting from (15) into (11) gives an approximate solution as the following ( ) Table 3 . These results show that all solutions which are achieved by these different RBFs are accurate enough for knowing RBF method as a powerful device. The absolute error for this approach and HPM [6] are shown in Figure 4 . A Comparison which is made in Figure 4 , shows that RBF method with Multiquadric bases gives more accurate solutions than the homotopy perturbation method by 18 terms. As x increases, the Error of HPM is increased rapidly, but RBF Error vanishes.
Conclusion
This paper describes using Radial basis functions to solve integral equations, with a weakly singular kernel. The proposed method, is a meshless method, just uses a scattered set of collocation points, without any connectivity information between the collocation points. Two examples are presented to show the efficiency of the method. Numerical results at scattered points appeared in Tables 2 and 3 
